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fingernails  is  necessary.^ 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWTim  Dmtm  Enfnd) 


• T 

■L 


t 


5 


I 

1 


THE  EFFECT  OF  SURGICAL  SCRUB  ON  MICROBIAL 
POPULATION  UNDER  THE  FINGERNAILS 

Arthur  Gross,  D.D.S.,  M.S. 

Duane  E.  Cutright,  D.D.S. , Ph.D. 
Sandra  M.  D ' A 1 e s san d ro  , B.S. 


U.  S.  Army  Institute  of  Dental  Research 
Walter  Reed  Army  Medical  Center 
Washington,  D.  C. 


li 


I' 


Reprint  Requests  to: 

COL  Arthur  Gross,  DC 

Chief,  Division  of  Oral  Biology 

U.  S.  Army  Institute  of  Dental  Research 

Walter  Reed  Army  Medical  Center 

Washington,  D.  C.  20012 


78  07 


10  117 


numbers  under  fingernails  was  determined.  Bacteriological  cultures  of 

! 

292  subungual  areas  of  20  subjects  revealed  prescrub  microbial  counts 

i 

! 

of  up  to  9-5  X 10’  colony  forming  units  (CFU)  per  area.  Following  the  j 

i 

surgical  scrub,  bacterial  concentrations  were  reduced  to  a different  ■ 

degree  among  the  individuals  tested.  The  means  of  3-0  x 10^-  3.2  x lO** 

CFU  immediately  after  scrub  indicated  that  neither  of  the  two  methods  , 

tested  reduced  the  microbial  population  under  fingernails  of  most  indi-  " 

viduals  to  "acceptable”  levels.  The  finding  of  high  postscrub  microbial  - 

counts  under  fingernails  is  of  particular  interest  and  significance  in  ; 

view  of  the  results  relating  to  the  relatively  low  counts  on  fingertips. 

The  extremely  high  number  of  microorganisms  remaining  in  the  subungual 

areas  should  alert  every  member  of  the  surgical  team  to  the  possible 

danger  of  (until  now)  unrecognized  failure  of  proper  hand  degerming  prior 

to  surgery.  On  the  basis  of  the  results  of  this  study,  it  is  concluded 

that:  (1)  Degerming  of  the  areas  under  the  fingernails  by  present  methods 

is  not  satisfactory;  (2)  Evaluation  of  the  efficacy  of  various  antiseptic  1 

agents  and  scrub  techniques  should  include  determination  of  the  microbial 

counts  In  the  subungual  areas  in  addition  to  the  assays  of  microbial  popu- 

I 

lation  on  the  skin  of  hands;  and  (3)  The  possible  implication  of  the  I 

subungual  microorganisms  in  the  development  of  postsurgical  infection  1 

should  be  investigated;  and  (l»)  A modification  of  the  methods  currently 
used  or,  possibly,  a new  approach  to  the  effective  reduction  of  microbial 
population  under  the  fingernails  is  necessary. 
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INTRODUCTION 

Dissemination  of  pathogenic  bacteria  to  patients  by  the  hands  of 
medical  personnel  was  recognized  by  Semmelweis  and  Lister  more  than 
100  years  ago.  Since  that  time  various  antiseptic  agents  have  been 
introduced  for  the  purpose  of  cleansing  the  hands  before  patient  care, 
especially  prior  to  invasive  surgical  procedures.  To  further  insure 
that  bacteria  would  not  gain  access  to  surgical  wounds  from  surgeons' 
hands,  in  I889  Halsted  recommended  the  use  of  rubber  gloves.  Although 
several  modifications  of  the  methods  of  presurgical  preparation  of 
hands  have  been  made,  and  newer,  more  effective,  and  non-irritating 
surgical  scrub  preparations  evaluated  and  accepted,  the  surgical  scrub 
has  not  changed  significantly  since  those  early  days.  Only  recently 
a new,  rapid  method  for  surgical  preparation  of  hands  has  been  developed 
and  shown  to  be  at  least  as  effective  as  conventional  scrub.® 

Any  accepted  method  should  not  be  followed  blindly,  but  re-examined 
from  time  to  time,  and  possible  fallacies  and  misconceptions  recognized 
and,  if  possible,  rectified.  Indeed,  during  the  surgical  scrub  studies 
in  this  laboratory  we  have  observed  and  reported  one  such  misconception 
pertaining  to  the  use  of  sodium  thiosulfate.  This  iodine  inactivating 
agent  has  been  frequently  incorporated  into  the  culture  media  in  the 
investigations  of  the  effectiveness  of  the  iodine-containing  scrub 
preparations.  In  spite  of  the  fact  that  we  have  shown  sodium  thio- 
sulfate to  have  an  inhibitory  effect  on  bacterial  growth,  and  have 
indicated  that  use  of  this  neutralizer  may  have  led  to  misleading 


and  con- 


results;'^  and  although  our  results  have  been  confirmed^^  and  con- 
sidered to  be  important  enough  to  warrant  caution  when  evaluating 
iodine  preparations,^^  there  is  still  insistence  by  some*®  to  con- 
tinue the  use  of  sodium  thiosulfate.  It  should  be  pointed  out  again 
that  povidone- iodine  preparations  are  water  soluble  and  any  residual 
iodine  on  the  skin  can  be  effectively  removed  by  rinsing  the  hands 
thoroughly.*"*  Therefore,  incorporation  of  iodine  inactivators  is 
not  necessary. 

There  is  voluminous  literature  concerning  surgical  scrub.  Com- 
parison of  results  is  rather  difficult  because  of  the  different  tech- 
niques and  sampling  methods  used.  Most  frequently  used  methods  for 
determination  of  the  extent  of  microbial  contamination  on  the  skin 
include  the  multiple  basin  technique,*®  glove  juice  technique,®’*^ 
swabbing  technique,*®  fingertip  impression  method,®’*"*  combination  of 
fingertip  impression  and  Rodac  plate  method,**  tape  stripping  method,^* 
fingertip  impression  with  drawing  fingers  across  the  contact  plate, 
glass  cup  method,*®  and  modification  of  these  techniques.  Most  of 
these  methods  have  been  discussed  by  Ulrich.^^ 

It  is  apparent  from  the  extensive  literature  review  that  the 
evaluation  of  the  efficacy  of  surgical  scrub  has  been  based  on  deter- 
mination of  microbial  counts  on  the  skin  of  either  the  fingertips  or 
of  the  palmar  or  dorsal  parts  of  the  hand,  or  the  total  area  of  the 
hands . 


It  appears  that  no  attempt  has  been  made  to  assess  the  microbial 
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contamination  of  an  area  of  the  hand  with  possibly  the  most  abundant 
microbial  flora,  namely,  the  subungual  areas.  It  was,  therefore,  the 
purpose  of  this  study  to  determine  the  microbial  counts  underneath  the 
fingernails  and  to  evaluate  the  effectiveness  of  two  methods  of  pre- 
surgical  preparation  of  hands  in  an  attempted  elimination  or  reduction 
of  the  microorganisms  from  the  subungual  areas. 

METHODS  AND  MATERIALS 

Part  1. 

Members  of  the  U.  S.  Army  Institute  of  Dental  Research  laboratory 
staff  participated  in  this  study.  Prior  to  the  beginning  of  the  tests 
they  were  taught  the  conventional  scrub  technique.  They  then  scrubbed 
their  hands  using  the  following  two  methods. 

The  first  method  was  a conventional  surgical  scrub  of  5 min.  dura- 
tion using  individually  packaged  E-Z  Scrub  surgical  scrub  brush-sponge 
with  nail  cleaner  and  containing  a detergent  with  iodophor.  Eleven 
individuals  scrubbed  this  way  on  three  different  days. 

The  same  individuals  also  used  another  method  developed  at  this 
Institute,  and  shown  to  be  at  least  as  effective  as  routine  10  min. 
surgical  brush  scrub.®’’  The  device  employed  for  this  purpose,  and 
referred  to  as  Hydroscrub,  utilizes  the  high  pressure  pulsating  water 
jet  principle,  and  delivers  water  with  an  appropriate  antiseptic  scrub 
preparation  at  120  psi  (Fig.  l).  It  has  been  described  in  more  detail 
earlier.’  Eight  individuals  had  their  hands  and  arms  lavaged  for  90 
sec.  on  two  different  days  using  this  device  with  a 200X  dilution  of 
Betadine  Solution. 
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Prescrub  cultures  of  the  subungual  areas  of  the  first  (index) 

and  second  fingers  (all  areas  cultured  are  shown  in  Table  1)  were  j 

I 

obtained  using  sterile  small  swabs  that  were  made  by  wrapping  cotton  i 

tightly  around  the  end  of  a flat  wooden  toothpick.  The  cotton  tip  j 

was  moistened  with  sterile  0.1%  peptone  water,  placed  under  the  nail,  | 

and  brought  across  the  nail  three  times.  Each  tip  was  then  cut  off  i 

and  dropped  into  a test  tube  containing  10  ml  of  0.1%  peptone  water.  i 

i 

The  ■’  e ds  agitated  with  Vortex  for  30  sec.,  serial  dilutions  were 
made,  and  0.1  ml  aliquots  of  each  dilution  were  spread  on  Brain  heart 
infusion  agar  plates. 

Immediately  after  the  scrub  by  either  method,  the  hands  and  arms 
were  rinsed  thoroughly  under  tap  water,  dried  with  a sterile  towel, 
and  cultures  of  the  hands  were  obtained  using  the  fingertip  impression 
method  and  Brain  heart  infusion  agar  as  a culture  medium  as  described 
earlier.®*'^  Postscrub  cultures  of  the  subungual  areas  were  taken  in 
the  same  manner  as  before  the  scrub. 

All  cultures  were  incubated  at  37‘’C  for  1*8  hours;  then  the  colony 
forming  units  (CFU)  on  the  surface  of  the  agar  plates  were  counted. 

Part  2. 

Since  the  majority  of  the  subjects  tested  in  the  first  part  of 
this  study  were  laboratory  personnel  without  previous  experience  in 
the  routine  surgical  scrub  techniques  and,  therefore,  the  resulting 
bacterial  counts  following  the  routine  5 min.  scrub  could  be  attributed 
in  part  to  the  poor  scrub  technique,  it  was  considered  appropriate  to 


extend  the  testing  to  the  additional  group  of  participants.  This  group 
consisted  of  nine  staff  dentists  who  did  have  previous  instruction  and 
experience  in  proper  surgical  scrub  procedures.  They  used  both  methods 
of  presurgical  preparation  of  hands  on  three  separate  occasions,  in  the 
same  manner  as  described  in  Part  1,  except  that  duration  of  the  routine 
scrub  was  changed  from  5 to  10  min. 

Bacteriological  cultures  were  obtained  as  described  above;  but  in 
addition  to  postscrub  fingertip  counts,  prescrub  counts  of  fingertips 
were  also  determined.  All  areas  cultured  are  shown  in  Table  2. 

RESULTS 

Part  1. 

Postscrub  microbial  counts  on  hands  and  counts  underneath  the  finger 
nails  before  and  after  surgical  preparation  of  hands  are  shown  in  Table  1 
Following  the  routine  5 min.  surgical  scrub  microorganisms  could  be 
recovered  from  the  hands  of  all  eleven  subjects.  Colony  forming  units 
(CFU)  counts  ranged  from  4 - 4l  with  a mean  of  1^.3  per  hand.  After 
90  sec.  Hydroscrub  the  same  individuals  yielded  somewhat  lower  counts 
ranging  from  0 to  8.5  with  a mean  of  2.8  CFU/hand.  These  results  indi- 
cate that  scrubbing  by  either  method  did  not  consistently  degerm  hands 
as  effectively  as  would  be  desired. 

The  prescrub  microbial  counts  of  the  subungual  areas  showed  great 
variability.  The  lowest  value  of  0.5  x 10^  (SubJ . #6)  differed  markedly 
from  the  highest  of  756  x 10^  (Subj . #1). 

The  data  relating  to  the  effectiveness  of  both  methods  in  reducing 
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subungual  levels  of  microorganisms  is  shown  in  Table  1.  The  post- 
scrub counts  were  decreased  to  different  degrees  in  different  indi- 
viduals. While  in  some  subjects  the  microbial  counts  were  relatively 
low  (ranging  from  0.05  x 10^  - 7.0  x 10^  in  Subj . #6),  in  others, 
postscrub  cultures  yielded  99-0  x 10^  (Subj.  ffS)  and  even  ^^7-7  x 10^ 

(Subj.  #9). 

Part  2 

In  this  part  both  prescrub  and  postscrub  microbial  counts  on 
five  fingertips  of  both  hands  were  determined.  The  mean  counts  before 
presurgical  preparation  of  hands  of  114.0  and  113.7  and  postscrub  counts 
of  8.3  and  9.0  CFU  for  both  groups  were  almost  identical  (Table  3)  indi- 
cating both  methods  to  be  equally  efficient  or  deficient  in  hand  degerm- 
ing.  The  values  for  each  subject  in  Table  3 also  show  that  concentra- 
tion of  microorganisms  on  the  hands  vary  among  individuals  and  that  the 
degerming  of  hands,  although  not  complete,  is  not  necessarily  dependent 
on  the  prescrub  levels  but  appears  to  be  due  rather  to  some  other  factors 
controlling  the  ease  of  removal  of  microorganisms  from  skin. 

Microbial  counts  underneath  the  fingernails  of  participating  dentists 
(Table  3)  were  found  to  be  lower  than  in  the  group  participating  in  the 
first  part  of  the  study.  However,  great  differences  in  counts  among 
individuals  were  again  observed.  The  low  prescrub  counts  in  Subjects  2, 

4,  and  7 contrasted  sharply  with  much  higher  counts  in  Subjects  3,  5, 
and  8.  The  microbial  concentrations  following  the  scrubs  differed 
not  only  among  the  individuals  but  also  among  subungual  areas  of 


i 


different  fingers  in  the  same  individual. 

As  shown  in  Table  the  means  for  prescrub  counts  of  13.0  x 10^ 
for  10  min.  routine  scrub  group  and  20.7  x 10^  for  Hydroscrub  group 
were  decreased  to  3-0  x lO"”  (76.9%)  and  7.8  x 10^  (62.3%)  respectively, 
by  the  two  methods  tested. 

DISCUSSION 

We  have  obtained  convincing  evidence  that  surgical  scrub  does  not 
reduce  the  microbial  population  under  fingernails  of  most  individuals 
to  "acceptable"  levels.  It  is  obvious  that  the  microbial  counts  in 
subungual  areas  remained  very  high,  particularly  in  some  individuals. 

The  mean  microbial  counts  after  scrub  in  both  groups  ranged  from 
3.0  X 10^  - 3.2  X 10**  CFU/area  which,  in  comparison  with  the  prescrub 
counts,  represents  62.3  " 86.5  percent  reduction.  This  percent  reduction 
however,  should  not  be  considered  an  indication  of  the  effectiveness  of 
scrub  techniques,  since  the  counts,  although  reduced,  must  be  considered 
excess i ve. 

Only  very  scanty  information  is  available  in  the  literature  on  this 
aspect  of  hand  degerming  in  spite  of  the  fact  that  Arnold,  aj_.  , ^ in 
the  study  of  the  self-disinfecting  power  of  the  skin  almost  half  a cen- 
tury ago,  showed  that  the  fingernail  region  was  an  area  of  the  hand  and 
fingers  with  the  least  efficient  capability  to  disinfect  itself.  These 
investigators  considered  the  fingernail  area  from  the  standpoint  of 
body  defense  to  be  a very  interesting  region  of  the  body  surface,  with 
an  almost  inexhausbible  reservoir  of  bacteria.  They  also  pointed  out 


{ that  experienced  surgeons  harbor  many  bacteria  under  fingernails  after 

a thorough  scrub. 

In  another  study,  Connell,  obtalne'^  cultures  from  under 

the  physicians'  fingernails  following  the  scrub;  unfortunately  the 
results  of  this  procedure  were  not  reported  in  the  paper.  Also,  the 
following  points  of  interest  were  not  explained:  The  methods  of  obtain- 
ing the  cultures  from  under  the  nails  and  from  the  palmar  surfaces  which 
were  dried  while  still  lathered;  and  procedures  necessary  for  inactiva- 
tion of  the  residual  antiseptic  agents. 

The  finding  of  high  postscrub  microbial  counts  under  fingernails 
is  of  particular  interest  in  view  of  the  results  relating  to  the  rela- 
tively low  counts  on  fingertips  which  resembled  those  reported  earlie"- 
for  nonclinical  personnel,®’*^  medical  obstetric  personnel,’  and  tor 
operating  room  nurses  and  other  operating  room  personnel  (unpublished 
data).  It  may  be  assumed,  on  the  basis  of  these  last  two  reports  with 
data  from  studies  on  clinical  personnel  experienced  in  scrub  techniques, 
that  similar  high  postscrub  counts  under  fingernails  could  have  been 
present . 

The  counts  on  fingertips  cannot  be  compared  directly  with  those 
under  fingernails,  because  of  different  methodology  used  for  their 
determination  and  the  surface  areas  cultured.  The  surface  areas  unaer 
fingernails  from  which  bacteriological  cultures  were  obtained  were 
considerably  smaller  than  the  areas  of  the  fingertips,  yet  the  subungual 
counts  exceeded  those  on  fingertips.  This  finding  is  due  to  the 
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variability  in  bacterial  concentrations  on  different  areas  of  the  hand. 
The  microbial  numbers  on  the  palms  and  dorsa  of  the  hands  are  normally 
rather  low,  being  higher  on  the  arms,  and  much  higher  under  fingernails 
and  in  the  recesses  of  the  nail  folds. 

During  our  investigations  dealing  with  the  effectiveness  of  the 
surgical  scrub, including  this  study,  we  have  observed  repeatedly 
that  the  extent  of  microbial  colonization  of  the  skin  of  hands  varies 
among  individuals.  Generally,  individuals  exhibiting  high  numbers  of 
organisms  did  so  from  day  to  day,  while  others  regularly  yielded  low 
numbers.  This  observation  is  in  agreement  with  findings  of  Price^® 
and  Blank. ^ The  factors  that  regulate  the  bacterial  colonization  of 
the  cutaneous  surfaces  are  not  compietely  understood;  however,  pH, 
extent  of  hydration,  presence  of  microbial  growth  inhibitory  substances, 
and  inorganic  salt  concentrations  are  thought  to  be  involved  in  the 
regulation  of  the  survival  of  organisms  on  the  skin. 

In  this  laboratory,  we  are  presently  investigating  the  possible 
role  of  cutaneous  fatty  acids  in  the  regulation  of  microbial  flora,  in 
an  attempt  to  correlate  the  microbial  numbers  on  hands  with  the  presence 
and  concentration  of  endogenous  fatty  acids  on  skin. 

Similar  to  the  differences  in  the  degree  of  microbial  concentra- 
tions on  fingers  of  various  individuals  we  have  also  observed  indivi- 
dual differences  in  difficulty  with  which  microorganisms  on  the  skin 
of  fingers  and  subungual  areas  could  be  reduced  by  degerming  methods 
used.  The  reduction  in  the  microbial  population  on  fingers  following 


the  scrub  did  not  generally  appear  to  be  correlated  with  the  prescrub 
counts,  since  in  some  subjects  with  consistently  high  prescrub  count 
the  bacterial  numbers  were  decreased  effectively  and  possibly  eliminated 
(Subj . §1,  3>  and  6 in  Part  2).  In  others,  (SubJ.  7)  relatively  low  num- 
bers of  microorganisms,  although  reduced  by  the  scrub,  could  not  be 
diminished  as  effectively. 

Even  greater  variability  in  results  was  evident  from  the  data  of 
subungual  areas.  While  in  some  individuals  the  scrubs  markedly  reduced 
the  microbial  concentrations,  in  others  no  such  effect  could  be  observed. 
Occasionally,  the  postscrub  counts  even  exceeded  the  prescrub  counts. 

We  can  only  speculate  about  the  implication  of  our  findings,  since 
no  studies  have  been  reported  on  the  infectious  potential  of  subungual 
microorganisms  remaining  following  the  surgical  scrub.  There  is  not 
even  general  agreement  on  main  sources  of  the  wound  infections  after 
various  surgical  procedures.  While  some  postsurgical  wound  infections 
are  attributed  to  infecting  microorganisms  from  the  operating  room 
personnel^ and  to  the  neglect  of  strict  adherence  to  aseptic  techniques, 
including  proper  presurgical  preparation  of  hands  of  operating  room 
personnel,  in  other  postsurgical  complications  an  endogenous  source  of 
infecting  bacteria  from  the  patient  himself  has  been  implicated.^'® 

There  is  no  doubt  that  strictly  aseptic  techniques  are  necessary 
during  surgical  procedures.  Preparation  of  surgeons'  hands  is  an 
important  link  in  the  chain  of  asepsis  and  rendering  the  hands  of 
surgical  personnel  as  free  of  bacteria  as  possible  is  absolutely 
essential.  Contaminated  hands  are  the  source  of  wound  infection,  and 
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prevention  of  wound  contamination  by  wearing  of  gloves  is  not  always 
effective  since  puncture  or  tear  occurs  in  about  25%  of  gloves.’  The 
danger  associated  with  the  glove  puncture  is  supported  by  the  finding 
of  three  times  higher  infection  rate  following  operations  accompanied 
by  glove  tears  than  after  those  without  glove  breaks.’ 

In  view  of  finding  excessive  microbial  concentrations  under  the 
fingernails  following  the  presurgical  scrub,  we  believe  that  evaluation 
of  the  effectiveness  of  various  antiseptic  agents  and  scrub  techniques 
should  include  determination  of  the  microbial  numbers  in  the  subungual 
areas  in  addition  to  the  assays  of  microbial  population  on  the  skin  of 
hands. 

Additional  studies  by  other  investigators,  preferably  in  a clinical 
environment,  are  needed;  and  the  possible  implication  of  the  subungual 
microorganisms  in  the  development  of  postsurgical  infection  should  be 
i nvest i gated . 

Also,  a new  approach  to  the  effective  reduction  of  microbial  levels 
under  fingernails  should  be  considered  in  order  to  eliminate  or  minimize 
the  potential  danger  of  complications  arising  from  the  neglect  of 
strict  adherence  to  aseptic  techniques. 

******* 

Commercial  materials  and  equipment  are  identified  in  this  report 
to  specify  the  investigative  procedures.  Such  identification  does  not 
imply  recommendation  or  endorsement  or  that  the  materials  and  equipment 
are  necessarily  the  best  available  for  the  purpose.  Furthermore,  the 
opinions  expressed  herein  are  those  of  the  authors  anc  are  not  to  be 
construed  as  those  of  the  U.  S.  Army  Medical  Department. 
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